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ABSTRACT
s~udy

The purpose of this

was to investigate the effect

of a hypocaloric diet on the serum HDL levels and body
composition of endurance athletes.

Sixteen male athletes,

20 - 45 years of age, volunteered to run 10 miles daily

during this 18 day study·.

For the first 7 days of the

study, the subjects consumed .a baseline diet and a supplement (muffin) to maintain body weight.

The experimental

period included a hypocaloric diet which th~ runner~ consumed from days 8 - 18.
10, 12, 15, and 18.

Phlebotomy occured on days 1, 8,

The blood samples were analyzed for

serum HDL, HDL-2, HDL-3, and APO A-I levels.

Changes in

body composition were determined prior to and after the
hypocaloric period.

Percent body fat was determined by

skinfold thickness, and from this measurement lean body
weight was calculated.

Serum .CPK, BUN, UUN, and urinary

creatinine were used to indicate changes in lean muscle
mass.
A significant loss of body weight, lean body weight,
and percent body fat resulted from caloric restriction and
exercise.

Total HDL and HDL-2 increased significantly with

weight loss and were determined to be predictive of one
another.

CPK levels increased and were significantly

related to weight loss.

BUN and UUN levels decreased and

·were not significantly correlated with a change in body
weight or HDL.
ii

The findings of this study indicate that in endurance
athletes, HDL

level~

are elevated with exercise and are

further elevated if exercise is accompanied by weight loss.
As a result . of exercise and caloric restriction, percent
body fat also decreased.

Lean body weight decreased as a

result of a loss of lean muscle mass and
components of lean body tissue.

poss~bly

other

The change in body

composition of the$e male athletes suggests a possible
mechanism for the increase in· HDL levels.

iii
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INTRODUCTION
Coronary heart disease or atherosclerosis i5 one of
the primary causes of death in the United States.

Conse-

quently, attempt s are being made to discover not only how
the d is ease manifests itsel f physiologically and biochemically, but also what factors increase · or lower the risk of
developing coronary heart disease.
Atherosclerosis may progress asymptomatically for many
years making it · difficult to trace the actual cause of the
disease.

Atherosclerotic lesions usually occur in the intima

or the inner most layer of the artery .
one of three types:

They may a.ppear as

fatty streaks, fibrous plaques, or
Fatty streaks are ~ommonly found in

complicated lesions.
young people and are

character~zed

by a small number of

intimal smooth muscle cells containing or surrbunded ' by
lipid.

On the other hand, fibrous plaques are characteristic

of advancing atherosclerosis, are
protrude into

the . l~en

el~vated ~nd

of the artery.

therefore

The complicated

lesions appear to be fibrous plaques that have been altered
as a result of hemorrhage, calcificati.on, cell n_e crosis, or
mural thrombosis.

These lesions . are usually associated with

occlusive disease (1) .

.

Of current interest, is the !elati9nship of dietary
factors to

coron~ry

heart disease.

with the intake of dietary fat

Investigators concerned

and cholesterol and its

relationship to coronary heart disease have indicated that
the risk of death from coronary heart disease is inversely
1

.

related to the intake of polyunsaturated fatty acids and
directly related to the intake of cholesterol (2,4).
Research in the area of lipoprotein metabolism and its
relationship to coronary heart disease is expanding (5,6).
For example, the protective effect of high density lipoproteins (HDL)

aga~nst

the disease has been demonstrated

by studies which have shown an inverse relationship between
HDL and coronary heart disease (6,7).
Factors which affect HDL levels have been explored.
For example, the studies of Gordon et al. (7) and Keys (6)
indicated that relative body weight is inversely related to
HDL-cholesterol levels.

It has also been demonstrat.ed that

obese patients have an average HDL-cholesterol concentration
consistently lower than that of a control, non-obese population (8).

Hartung et al. (9) and Wood et al. (10) observed

elevated HDL levels in a non-obese population of marathon
runners.

The former suggest ed relative body weight as a

possible determinant of HDL levels, since the marathon runners and joggers weighed significantly less and had smaller
tricep skinfolds than the active subjects.

Exercise was

also shown to be positively related to HDL levels (9, 10).
Others have observed the relationship of reduced caloric
~ntake

and HDL levels.

In fact, observations that an in-

verse relationship exists between relative body weight and
HDL-cholesterol initiated interest in caloric intake as a
possible indicator of HDL levels.

Weltman

~t

al. (11)

found that HDL levels decreased significantly in subjects
2

whose caloric intake was restricted, while no change in
HDL levels resulted in those whose calor·ic intake was restricted and who participated in mild exercise.

They con-

.

eluded that during weight loss, exercise has a protective
effect against a decrease in HDL.
Thompson et al. (2) reported similar results.

.However

after 8 months of weight stabilization, the HDL levels began
to increase.

They suggested that a latent effect occurs and

.

'

that HDL levels rise once weight loss is maintained over a
period of time (12).
- Changes in body composition which occur during weight
16ss may 'affect HDL levels.

In an ex~rcising male popu~a

tion, Leon et al. (13) observed a relationship between
weight loss due to fat loss, lean muscle mass gain, and
increased HDL.

Although caloric restriction without exer-

cise appeared to result in both fat and lean muscle loss
(14), when combined with exercise, it · resulted in fat loss
and a slight decrease in lean muscle mass (15).

Changes in

body composition such as those associated with weight loss
due to caloric restriction and exercise may be determinants
of HDL levels '.
Although

resear~h

indicates that exercise increases

HDL levels in male athletes (9, 10), little data 1s available on the effect of a hypocaloric diet on the HDL levels
of endurance athletes.

It is necessary to ask the question,

what will happen to HDL levels and body composition in
endurance athletes during a hypocaloric diet?
.3

Therefore,

this study is de.signed to test the following hypotheses:
Ho: Serum HDL levels in endurance athletes will increase
with a hypocaloric diet.

Hl:

Adipose tissue and lean·

muscle mass of endurance athletes will decrease with a
hypocaloric diet.

4

REVIEW OF L-I'rERATURE
THE LIPOPROTEINS:

STRUCTURE AND METABOLISM

Until recently, researchers have investigated the inverse relationship between serum cholesterol and coronary
heart disease (5, 16, 17).
place~

Currently, emphasis is being

on the lipoproteins.

A knowledge of the structure,

metabolism, and . interaction of the lipoproteins, including
high density lipoprotein (HDL), is impdrtant for understanding how

lipoprotei~

levels may be related to the incidence

of coronary heart disease.
"Lipoproteins are classified into

fo~r

major groups:

chylomicrons, very low density lipoproteins (VLDL), low
density lipoproteins (LDL), and high density lipoproteins
(HDL).

The basic structure of lipoproteins 1ncludes a

protein moeity, known as the apoproteins (APO), together
with polar l i pids in a surface film surrounding a neutral
lipid core (18).
ac~ording

These lipoproteins vary in composition

to the percentages of

~holesterol,

esters, triglycerides, and phospholipids.

cholesteryl

They also vary

in theif apoprotein conteni, specificaily apoproteins AI,
All, B, CI, CI!, CIII, D, and E (19).

These lipid-protein

complexes transport lipids and regulate lipid synthesis and
catabolism.
The major ~ole of chylomicrons is the transpcirtation
of dietary triglycerides across the gut via the lymphatic
system where triglyceride exchange with other lipoproteins
5

may occur.

The major apoprotein of the chylomicrons is
'

Apo C, however they do contain some Apo A and B (20).
VLDL function to provide lipid and protein exchange
with other lipoproteins and are composed predominately of
triglycerides.

The major apoproteins of VLDL are CI, CI!,

and CIII which readi ly exchange between VLDL, HDL, and
chylomicrons (21).
LDL are the major carriers of cholesterol in the plasma.
Goldstein and Brown (16) observed that the LDL receptors in
. the coronary artery take up and degrade LDL at a high rate
and that this may be accompanied by a net increase in cell
cholesterol content.

Jackson et al. (21) pointed out that

HDL can significantly modify, in a direct way, the metabolism
of LDL in the arterial cells.
HDL are the smallest of the lipoproteins and are composed of 50% lipid by weight.

The composition varies with

phospholipids ranging from 23 to 40% by weight, cholesteryl
esters from 10 to 20%, unesterified cholesterol from 1.5 to
8%, triglycerides from 1.5 to 4%, and protein content from
37 to over 60%.

To some extent, this reflects differences

in the proportion of the HDL subfractions, HDL-2 and HDL-3
(22).

Little is presently

kuow~

as to- the physiological

significance of these subfractions. · However, it has been
determined that HDL-2 is richer in lipid, Apo C, and Apo AI
than HDL-3 (23).

In

a~dition,"

during lipolysis, it appears

that HDL-3 is an intermediate between VLDL and HDL-2 (24).
Apoproteins AI and All appear to be important in the
6

structural ' integrity of HDL.

Apo AI is an important acti-

vator of the lecithin-acyl transferase (LCAT) reaction in
which HDL accepts unesterified cholesterol from LDL (25).
Thus,

i~

has been proposed that the rate of synthesis and/or

catabolism of the apoproteins may be a determinant of the
circulating levels .of HDL particles.

It is for this reason

that the apoproteins, rather than HDL-cholesterol, are often
measured as a determinant of total HDL (22).
HDL is synthesized and secreted by the liver and ileum
as nascent HDL.

Nascent HDL differs fr9m mature HDL in

~hat

50% of the protein moeity is Apo E, with Apo AI, B, and C
contributing the remaining 50%.

It also is a bilaminar

structure composed of phospholipids, free cholester.o l, and
a small amount of non-polar lipid (22).
Mature HDL is formed by the transfer and exchange of
component lipids and proteins with other lipoproteins.
Lipoprotein lipase (LPL), a tissue bound hydrolase which is
synthesized in the cytoplasm of

extrahep~tic

tissue, is

primarily responsible for this transfer and exchange.
Heparin releases the enzyme to the capillary bed of adipose
tissue, heart,
~here

lung~

mammary gland, and skeletal muscle,

it enhances the hydrolysis of fatty acids from cir-

culating triglycerides (?6,28).

Triglycerides are released

from VLDL and chylomicrons during lipolysis.

During this

degradation of VLDL and chylomicrons by LPL, mature HDL or
HDL-2 is formed from HDL - 3.

~his

process involves the en-

richment of HDL-3 particles with cholesterol and phospho7

lipids, thus becoming less dense and ultimately forming
HDL-2:
The released fatty acids from the triglycerides are
then taken up by adipocytes, re-esterified to triglycerides
and stored in adipose tissue (28).

Skeletal muscle oxidizes

the free fatty acids from adipose tissue or plasma triglycerides in lipoprotein-rich capillaries for fuel.

Direct

utilization of plasma triglyceride-fatty acids by both of
the aforementioned tissues depends on the content of
active LPL in their capillary beds (27).
Observations that human lymph chylomicrons contain
significant quantities of APO I and AII suggest that chylomicrons may be a source of APO A for HDL maturation (22).
APO C is transferred from VLDL to HDL-2.

The final reassem-

bli involves the exchange of apoproteins AI and AII between
HDL-3 and HDL-2.

The rate of formation of HDL-2 in circu-

lation is dependent on the activity of LPL and the concomitant rate of removal of VLDL

~nd

chylomicrons (29).

HDL exchanges readily with VLDL and chylomicrons.
Triglyceride-rich VLDL are secreted by the liver and, to
some .degree, by the intestine and are acted upon by LPL.
This leads to progressive lipolysis, loss of triglyceride,
~nd

conversion of VLDL to LDL.

Chylomicrons also are con-

verted by LPL to small cholesterol-rich particles (30).
I

Upon lipolysis, phospholipids, unesterified cholesterol,
and_ t:iglycerides are transferred from chylomicrons and
VLDL to HDL.

Transfer of cholesteryl esters from HDL to VLDL
8

has also been observed.

HD L are the best substrate for

LCAT and the most probable donor of cholesteryl ester.

In

addition, Apo C exchanges ·freely between HDL and VLDL.

The

functional significance of this transfer relates to the catalytic actio.n of LPL.

In vitro assays have shown that Apo

Cll is the major activator of LPL.

A different and more

equal distribution of Apo C occurs between. HDL and VLDL
among individuals with elevated HDL levels.

Thus, there is

considerable capacity for HDL to provide VLDL and chylomicrons
with the necessary _amount of Apo C (22).
In vitro, the amount of Apo C transferred from VLDL to
HDL during incubation of la_b eled VLDL with LPL was found to
be proportional to the exte nt o f triglyceride hydrolysis.
This suggests that a relationship between LPL activity and
HDL levels may be a function of the efficiency of VLDL and
chylomicron metabolism (22).
the increase in HDL

level~

This is further supported by

which results from an increase in

the lipolysis of VLDL in certain tissues.

Additionally,

changes in the levels of activity of LPL in various tissues
suppo rt the view that .synthesis of this enzyme occurs in the
cells which respond to nutritional and endocrine stimulation
such as the adipocytes and muscle cells (18).
The catabolism of mature HDL occurs in the liver and
more specifically, in the hepatocytes.

The components of

plasma HDL probably catabolize through multiple independent
pathways which may have little or no effect on the number
of circulation
pathways (Z2).
,

Kinetic ·studies have demon9

strated differences in the fractional catabolic rates of ·
the components of HDL, namely the cholesteryl esters, Apo
A ~nd c .. Cholesteryl esters are removed by HDL in circula'
tion and direct uptake may occur in the liver, adrenal cortex,
and gonads.

Apo AI and All are catabolized at similar rates

within HDL.

Although the sites of Apo . C catabolism are

presently unknown, HDL may serve as a major vehicle for the
clearance of Apo C from circulation (23).
Knowledge of the mechanism by which HDL influences the
risk of coronary heart disease is increasing. · Lipolysis of
VLDL, and the

sub~equent

transfer of lipids and apoproteins

.

to HDL play a. role in this mechanism.

Further study of lipo- .

protein interaction may therefore offer a .better understanding of coronary heart disease.

THE PATHOGENESIS OF ATHEROSCLEROSIS
The pathogenesis of the atherosclerotic lesion in
coronary heart disease is still unclear, however early researchers seem to agree on the mechanism of its forillation
(33, 34, 5).

It is apparent that lipoproteins of many sizes,

including HDL and LDL, pass through the endothelial cells
of the intima.

Interruption of the endothelial barrier due

to mechanical injury, hypercholcstcrolemia, homocystinernia,
or immune malfun~tion causes a platelet releasing response
in addition to smooth muscle cell proliferation.

The pro-

liferated smooth muscle cells r e ach a maximum thickness and
10

are surrounded by
. teoglycans.

~ewly

· In addition, smooth muscle cell proliferation

is supported by LDL.
brane.

formed collagen, fibrils, and pro -

LDL provides lipid for the · cell mem-

However, when the endothelium is injured, it will

promote atherosclerotic lesions (33).

The role of HDL is

to accept unesterified cholesterol from LDL via the . enzyme
LCAT (25).

In this way, HDL will partially inhibit the up-

take and degradation of LDL and partially suppress the net
increment in' cell sterol content induced by LDL, thus inhibiting or perhaps reversing the

atheros~lerotic

lesion

(34).

HDL AND CORONARY HEART DISEASE
As early as 1951, Barr et al. (35) demonstrated that
subjects with coronary heart disease had higher cholesterol
levels than the controls.

Later, Kannel et al. (36) con-

· firmed that the most significant lipid aberration was low
HDL cholesterol levels.

They further confirmed the work of

Goffman ' et al., 1966 which indicated the possibility that
the risk of coronary heart disease was inversely related to
HDL.
Recently, studies have shown an inverse relationship
between HDL levels and coronary heart disease (5, 7).

In

one study (5), the cholesterol pool size of eight patients
with hypercholesterolemia was determined.

Pool size was

found to be unrelat~d to the mean coricentration of total
11

cholesterol, total triglyceride, VLDL and LDL.

However, a

strong negative correlation existed between pool size and .
HDL levels.

The mean HDL-cholesterol level in subjects

with ischemic heart disease was 30 mg/dl as compared to SS
mg/dl in controls (S).
Over a 20-year period, the Framingham study attempted
to correlate risk factors with heart disease.

In 1968, the

blood samples of 2,81S disease-free men and women, 49 to 82
years of age, were analyzed for lipids and lipoproteins.
Four years later, the same analyses were performed. · During
this time, 8% of the men and S% of the women had developed
coronary heart disease.

The incidence rate of coronary

heart disease in individuals with HDL-cholesterol 1evels
below 3S mg/dl was 8 times that in those with HDL levels
6S mg/dl or above (7).
A 38-year longitudinal study also instigated queries
as to possible HDL determinants.

Thi subjects in this

study were 284 business and professional men, 44 to SS years
of age.

Five years after the intial blood sampling, 19%

of the subjects had died from ~oronary heart disease and
28% from other causes.

Of those who died of . coronary heart

disease~ the mean HDL-cholesterol levels at ·death and at

entry were lower by 4.42 mg/dl aµd 3.30 mg/dl, respectively
than those of the individuals who died from other causes (6).
FACTORS WHICH MAY INFLUENCE HDL

lZ

Tile inverse relationship of HDL and coronary heart
disease has been clearly demonstrated (5, 6, 7).

This

causal relationship warranted an attempt to determine the
endogenous and exogenous factors which may effect HDL levels.
It has been known that women have higher HDL values than
men and that estrogens increase HDL in both men and women
(19).

For example, the Framingham study stated that HDL-

cholesterol levels in women were significantly higher than
. those of men by a factor of 10 mg/dl (7).
HDL AND "EXERCISE
Exercise is another factor which has been shown to
increase HDL (9, 10, 37).

This .has been
demonstrated in
'

trained endurance athletes, as well as in sedentary men
after training.

Wood et al. (10) observed that the mean

HDL-cholesterol level of 41 runners

wh~

ran an average of

39 milesjweek was 34% higher than that of the control
groups.

Hartung et al. (9) observed 59 marathon runners

and 85 joggers who had 34% and 26% higher HDL levels, respectively than 74 sedentary subjects.

During the 12 months

prior to the study, all the marathon runners completed a
. 26.2 mile marathon and continued to run an average of 11
miles/week.

The number of miles run was shown to be the

best predictor of both HDL cholesterol and the ratio of HDL
to total cholesterol.
Criticisms of these conclusions are relat~d to the

13

possibility of other, unmeasured variables affecting HDLcholesterol levels.

Young and Barboriak (38) concluded

' that the 3 groups probably differed in other ways, such as
in overall behavior patterns.

They also suggested that

conclusions based on dietary data may be inaccurate due to
inadequate ·data.
ed that

In addition, ·Williams et al. (39) suggest-

individual~

with .initially higher HDL-cholesterol

levels have a greater tendency to take up running as a
sport.

For example, during a 1-year training program of

initially sedentary men, they observed that the subjects
who ran the most had

~nitially

_higher baseline HDL-cholesterol

levels than the low mileage runners.
remained a

significan~

Baseline HDL-cholesterol

predictor of miles run when inter-·

vening variables were accounted for (percent body fat
maximum

o2

uptak.e, alcohol intake and smoking).

Therefore,

it was concluded that an association exists between the
tendency to participate in regular vigorous exercise and
HDL-cholesterol.
Wetzler (40) further commented that the HDL-cholesterol
levels of marathon runners with high initial HDL levels were
not significantly different from joggers with high HDL
levels in the Hartung study (9).
may be due to

her~ditary

He suggested that this

factors, or to the · possibility

that HDL may level off or increase very slowly . at a particular level of running . . •
The level of intensity, as well as the type of, and
amount of exercise are thought to be related to an increase
14

in HDL levels (41, 39).
a positive

co~relation

In a population of 23 active men,
existed between the amount of weekly

exercise in kilometers and the plasma HDL-cholesterol concentration.

These men who trained for 5 years had, HDL ' levels

of 68.5 mg/dl, while the sedentary men had levels which
ranged from 59.8 to 44.2 mg/dl.

The prolonged effect of

training may have influenced the HDL levels (41).

In 81

sedentary men, observations that increase in the number of
miles run/week was accompanied by an increaie in plasma HDLcholesterol supported this hypothesis.

However, HDL-chol-

esterol did not begin to change with mileage before the
completion of 9 months of training.

Therefore, there was a

stronger correlation between miles run and HDL-cholesterol
at one year than at 9 months (39).
In another study, 293 healthy 18 to 30 year old males
who received different intensities of training (endurance
training, mixed training, power training, and no training)
were evaluated for serum lipids.

The mean HDL-cholesterol

levels of _the athletes in endurance training was 29% higher
than those in power training and . 8% higher than those in
mixed training (42).

Masarei et al. (43) observed a similar

effect in a population of 43 male business executives who
were designated as having high endurance fitness levels or
low endurance fitness levels.

'

The subjects with high levels

of endurance fitness had 2% higher HDL-cholesterol levels
than those with low endurance fitness levels.

These studies

indicate that the levels of intensity of training have an
15

effect on HDL-cholesterol levels.
Aerobic sports other than running also a£fect HDL-cholesterol levels.
of

middle-age~

The HDL-cholesterol levels of a population
male tennis players, when adjusted for age,

weight, cigarette smoking, and alcohol intake, were 8.7
mg/dl higher than those of the sedentary men (44).
results were observed in 34 f emale swimmers,
exercise · intensity as competitive
swimmers, and controls.

swi~ers,

Similar

grouped by
synchronized

HDL-·cholesterol was 17% and 22%

higher for competitive swimmers than for synchronized swimmers and controls respectively (45).
Other studies have reported

a~

increase in HDL with

exercise in sedentary men, as well as in trained men (39,
46~

47).

After 2 months of mild

exe~cise,

110 sedentary men,

40 to 50 years of age, increased their exercise intensity
to a moderate level for 2 months.

HDL-cholesterol increased

with exercise intensity; first, by 6%; th.e n, by a total o.f
10% at the end of the protocol (46).

In anot.her study,

the HDL-cholesterol levels of 100 sedentary men increased
by 7% during a 12-week training program of increasing intensity (47).
' In addition to the effect of training on HDL-cholesterol
in heal thy men, it · was also ·shown to increase with exercise
in a group of 18 male patients with coronary heart disease.
Aerobic exercise training was conducted 3 times a week for
20 minutes and increased in intensity for a 3-month period,
HDL-cholesterol increased by 5% during the training period
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(48).

HDL levels also may be influenced by cigarette smoki?g, sex differences, and alcohol consumption (3, 49, SO).
It appears that HpL levels tend to be highest in a population of nonsmoking, moderate alcohol consuming, male endurance athletes.
DIETARY FACTORS AS RISK FACTORS
The relationship of dietary factors as risk factors to
coronary heart disease is of current interest.

Until re-

cently, research concerned with the relationship of die·t to
coronary heart disease concentrated on the intake of dietary
fat and cholesterol (51, 2).

Shekelle et al. (2) demon-

strated that the risk of death from coronary heart disease
was inversely related to the intake of polyunsaturated fatty
acids and positively related to the intake of dietary cholesterol.

This was observed in· a group of 23 men (40 to 49

years of age) at high risk for coronary heart disease.
These subjects were required to reduce their saturated fat
intake and to partially substitute it with polyunsaturated
fats.

After 4 years on this dietary regimen, their HDL-cho-

esterol was 20% higher than that of the control group.

The

'

correlation between HDL-cholesterol and the P:S ratio of the
diet was highly significant.

When adjusted for other vari-

ables, particularly body weight, the correlation between HDLcholesterol and P:S ratio was reduced (Sl).
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This may indi-

cate that a decrease in body weight is partially responsible
for the increase in HDL-cholesterol levels.

INFLUENCE OF RELATIVE

~ODY

Interest in the relationship

WEIGHT ON HDL
be~ween

L~VELS

relative body

weight (actual weight divided by the ideal weight according
to the Metropolitan Life Insurance tables) and HDL was initiated by studies which indicated that for inactive subjects,
relative weight had the highest inverse correlation (p<
0.001) with HDL levels of all the risk factors.

Additional-

ly, triglyceride levels were reported to have a significantly
low negative correlation with glucose intolerance (7).

This

suggested that a person who was obese, had a glucose intolerance, or higher triglyceride levels than normal, was more
likely to have a low HDL level.

In fact, Keys (6) showed

relative body weight to be the only significantly correlated
risk factor with HDL-cholesterol.
also seen in physically active men.

This· r-elationship was
Analysis of covariance

indicated that male marathon runners and joggers had significah~ly

lower body weights and higher HDL levels than -·

sedentary control's (9).
Another study investigated the relationship between
body weight and HDL-cholesterol levels in a random cluster
of 742 individuals ranging in age from newborns to 70 years
of age.

The HDL-cholesterol levels of both the mal~s and

females were inversely correlated with body weight, other
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measures of adiposity, and plasma triglyceride . levels (52).
The possible role of relative weight as a factor in the
regulation of HDL has been noted in t the significantly low
HDL-2 levels in . obese subjects (53).

THE EFFECT OF CALORIC INTAKE ON HDL
The inverse relationship of relative body weight and
HDL-cholesterol has initiated interest in caloric intake as
a possible i ndicator of HDL levels. · Presently, little is
known of the relationship between reduced caloric intake
and HDL levels-.

One of the first groups to explore this

was Mann et al. 1n 1955.

Four men participated in a 10-

week program which consisted of 4 periods.

The study deter-

mined changes in body weight and body fat after a control
diet, a hypercaloric diet and exercise, a hypercaloric diet
without exercise, and a hypocaloric diet with exercise ..
all 4 periods, fat comprised 50 to 51% of the diet.

In

During

the hypocaloric period, the loss of body weigh~, as well as
fat was significant.
significantly .

However, HDL levels did not change

Although calories were reduced later on in

the study, the high fat content of the diet may have contributed to this lack of change (54) .
In a later study (55)~ HDL levels were increased by
68% in a group of hyperlipidemic men who lost 12% of their
initial body weight..
highly variable.

However, individual responses were

Although the weight reducing diet and
] 9

control diet had a similar caloric distribution, the cholesterol content of the reducing diet was low (200 to 300
mg/day) and the P:S ratio, high (2.0 to 3.0).
In another study (56), this effect was demonstrated in
a population of 301 men judged to · be at high risk of coronary
heart disease.

A special intervention program was incorpor-

ated which included counsell i ng to eliminate cigarette
smoking and to reduce dietary cholesterol and total fat
A 6% increase in HDL-choles•
terol was noted in the intervention gro~p. Among this
intake for weight reduction.

group, the increase in . HDL-c.holesterol was greatest in
those who were adhering well to the diet and lost body weight (56).
Similarly, HDL-cholesterol has been shown to increase
during weight loss ·of obese subjects.

Thirty obese male and

female subjects, 3£ to 65 years of age, whose obesity was of
genetic or , nutritional origin received . a hypocaloric hypocholesterolmeic diet.

Following this hypocaloric diet and

40 to SO days of w~ight stabilization, a significant decrease of total triglycerides, total cholesterol, VLDL, and
LDL-cholesterol, and a significant increase of HDL-chblesterol
and Apo A-I were ·o bserved (57).
•

Seven severely obese males

and · femalcs with a mean age of 37 .4 years lost 21. 7 kg of .
weight . on a 600 to 900 kcal diet.

Before weight reduction,

their mean HDL-cholesterol levels . were below normal.

How-

ever, after 15 months of weight stabilization 1 HDL-cholesterol
increased by 19 mg/dl (p

< 0.02).
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Thus, in obesity, HDL-

chol ·s terol levels are reversible to some extent by stabilized weight loss (8) .
-Mancini et al. (58) observed changes in plasma lipoproteins when 6 obese females lost 15 kg during a 6-week
fast.

HDL decreased slightly (.05%).

been longer and the weight loss had

If the study had

b~en

stabilized, HDL

levels may have increased as demonstrated by Contaldo et al.
(8) .

Changes in HDL levels have been observed to accompany
weight loss achieved either by exercise or by a combination
of diet and exercise (59, 15).

Ten obese men, ' 19 to 31

years of age, walked on a treadmill for 15 to 30 minutes a
day for 16 weeks.

Although their caloric intake was not

regulated, a decrease in caloric intake was evident from
weeks 4 to 12.

A mean weight loss of 5.7 kg resulted in a

15.5% increase in HPL-cholesterol (13).
In other studies of populations who exercised and
whose caloric intake was restricted, HDL levels have not
increased immediately (11, 12).

Weltman et al. (11) obser-

ved the effect of a 10-week exercise and/or SOU kcal/day
diet regimen on

~eight

and lipid levels of 58 sedentary

males with a mean age of 47 years.

Caloric restriction re-

sulted in a weight loss of 5.45 kg; caloric restriction plus
exercise, 5.95 kg; and exercise alone, 0.91 kg.

Although

HDL levels decreased significantly when calories were re. stricted, they did not change when exercise accomp~nied caloric restriction nor when exercise did . not accompany caloric
21

restri~tion.

They

sug~ested

that during weight loss, exer-

cise alone has a protective effect against a decrease in
HDL.

Thompson et al. (12), reported similar results among

15 women on a 10-week exercise and hypocaloric regimen.
After 10 weeks,

energy _ ~ipenditure

ros& from 54 to 133 kcal/

day.

The mean weight decreased 9.7 kg and HDL-cholesterol,
by S.0 mg/dl. However, during the 8-month period of weight
stabilization, HDL levels increased 3.0 mg/dl.

The re-

searchers suggested t hat there is a latent effect whereby
HDL levels increase once the weight is maintained over . a
period of time.
SERUM TRIGLYCERIDES AND VLDL
A significant negative relationship exists between
concentration of VLDL and HDL.

Therefore, when HDL in-

creases, a subsequent decrease occurs in VLDL levels.
VLDL and serum triglyceride levels are higher in the obese
than in the non-obese individual.

In the normolipidemic

non-obese individual, ' low fasting triglyceride levels are a
reflection of current dietary intake. · In the fasting obese
individual, however, triglycerides contin~e to be elevated
above the norm (60).

This deviation of triglyceride levels

in the obese, the apparent increase in HDL during the lipolysis of triglyceride-rich lipoproteins, and . the inverse
relati~nship

between HDL levels ~nd triglyceride levels,

initiated interest in lipopro~ein kinetics as an approach
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to explaining HDL determinants.

During the lipolysis of

triglycerid~-rich particles (VLDL) at the endothelial surface

of extra-hepatic tissues, triglycerides are transferred from
VLDL to HDL (22).
by

~hich

In an

attemp~

to determine the mechanism

HDL increase during weight loss, investigators

have looked at the effect of weight loss on VLDL and serum
triglycerides.
Olefsky ·et al. (61) reported that plasma
decreased _significantly (p

<

triglycer~des

0. 0001). when 36 obese subjects

lost a mean of 10.9 kg on a 600 to 1600 kcal/day hypocaloric
diet.

A greater reduction in plasma triglycerides was

observed in those subjects who had higher plasma triglyceride
levels prior to weight reduction.

In addition, VLDL-tri-

glyceride production rates decreased.

These data indicate
'

that although the weight loss in the most obese ',' and least
obese subjects was similar, percent fat loss and the reduction in piasma triglyceride levels was greater in the
obese subjects.

mo~t

This. decrease in VLDL and triglyceride

levels with weight loss may support the proposed the~ry of
the elevation of HDL with weight loss for obese subjects.

BODY COMPOSITION
The loss of weight as a result of caloric restriction
and/or exercise will result in altered body composition.
This effect has been demonstrated in athletes, as well as
in lean and obese subjects (62 , 63).
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Athletes represent a

unique population with regard to body composition.
ticular,

runne~s

In par-

tend to have a much lower percentage of

body fat than other athletes or sedentary individuals.
example, when

th~

For

body composition of a group of college-

aged cross country runners was compared to that of men
participating in 5 other sports, the runners had the second
lowest percentage of body fat (10.3%) (64).

According to

oscai (65), the bodies of sedentary college professors
contained approximately twice as much fat (16.3%) as
of marathon runners (7.5%) of the same age.

thos~

Mayhew et al.

(66), added that physically active men have a higher percentage of lean body mass than sedentary men.
Training often results in minimal weight loss or even
an increase in body weight with a simultaneous significant
decline in body fat (48).
varsity

~ompetition,

For example, during a season of

the body weight of college basketball

and hockey players remained constant while the subcutaneous
fat of the chest, abdomen, and triceps decreased (65).

A

similar effect was observed in 23 sedentary, lean, healthy,
male college students who underwent 9 weeks of physical
conditioning for 5 hours/week.

While the lean body mass of

these subjects increased by 14 kg, the mean weight decreased
·1 kg, and .percent fat, 3% (66).

In another study in which
.

SS relatively sedentary male students par~icipated in a 10week jogging program, body weight decreased by 1.0·1 kg, percent fat by 1.11%, while lean body weight remained essentially
the same (62).

These studies indicated
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that the intensity

of physical exercise may result in changes in body composition.

These changes were also evidenced in a group of

trained and untrained individuals who had the same average
weight and height.

The physically active group had a high-

er proportion of lean body mass than those who were less
accustomed to physical activity (67).
Similarly, changes in body composition were demonstrated in 8 obese individuals (25% fat weight) who ran and walked 60 minutes a day, 5 days a week for 9 weeks.

The exer-

cise resulted in a mean weight loss of 3.2 kg, a fat loss
of 3.9%, and an increase in lean body· mass of 2.7 kg (66).
Le~is

et al. (15) reported significant reductions in per-

cent fat (4.9%), total body weig~t (4.2 kg), and a slight
increase in lean muscle mass (1.1 kg) in 32 obese women
during a 17-week exercise program.

Although the result of

exercise on lean body mass is controversial, the aforementioned studies indicate that prolonged exercise may result
in weight loss, fat loss, and an increase in lean muscle
mass in the athlete, in the lean, or in the obese individual.
Others have investigated the effect of caloric res·triction on body composition.

Oscai (65) demonstr'ated the

loss of large amounts of lean tissue, in addition to fat,
when the weight ~f an obese individual was reduced by mean~
of caloric restriction.

Estimates of the contribution of

the lean component of the tissue .lost to the total wefght
loss were variable but amounted to as muc~ as 3~ to 45%.
Weltman et al. (11) observed similar ·effects in 58 sedentary
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men whose caloric intake was restricted for 10 weeks.

They

lost 5.95 kg of weight, 2.5% body fat, and 1.92 kg of lean
body weight.

On the other hand, Buskirk et al. (14) re-

ported a substantial loss of body fat, a~d little change in
lean muscle mass, with weight loss in obese subjects after
caloric restriction (600 to 160.0 kcal/day).
Similar changes in the body composition of lean and
obese subjects during caloric restriction have been reported
(63, 68).

In an 11-week study, 32 non-obese male subjects

given a diet of

appr~ximately

1570 kcal/day experienced a

weight loss of 16.8 kg, 40% of which was adipose tissue;
12% lean body mass; and 48%, water (62):

A similar effect

was observed in obese subjects fed a 1200 kcal diet for 5
days.

This resulted in a mean weight loss 6f 0.45 kg/day

which consisted of 66% water, 35% adipose tissue, and 9%
lean body mass (68).

Although the absolute amount of weight

loss was twice as much in the obese as in the non-obese, the
percentage of the body composition lost was similar.
Investigators have reported a decrease in body weight
and in body fat with exercise or caloric restriction (62,
14, 15).

However, data on

th~

effect of caloric restric-

tion on lean muscle mass i s variable.

Further studies such

as that of Buskirk et ·al. (14) demonstrated the effect of
caloric restriction and exercise on body composition.

Body

weight and body fat decreased while lean body mass increased
in some individuals and decreased in others.
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Weltman et al.

(ll) also combined caloric re strict i on with mild exercise
in a population of 58 sedentary men.
S.42 kg resulted in a 3.6 %
body weight.
lation of 10

loss . ~£

A mean weight loss of

fat, and 1.15 kg of lean

The opposite effect was observed in a popuobes~,

ccillege - aged men who, after 16 weeks of

training, lost 5.7 kg of body weight, 5% body fat but gained

o.2 kg_ of lean body weight (13).

LIPOPROTE I N LIPASE
The effect of weight loss on body composition may prove
to be an important determinant of HDL levels.

According to

several studies, the activity of lipoprotein lipase (LPL)
which resides in adipose tissue and skeletal muscle increases
with weight loss (69, 70)-

An increase in the activity of

this enzyme may be ·associated with an increase in HDL (32) .
HDL-2 and the ratio .of HDL- 2 to HDL-3 · have been shown .to be
positively correlated with LPL activity in adipose tissue,
· as well as in muscle (29).

The changes in

bo~y

composition

which enhance stimulation of LPL activity may ultimately be
effective in increasing HDL levels.
Significant differences in serum lipids, lipoproteins,
and LPL. activity have been noted in males and f emales.

In

one study, 21 male and 20 female, non-obese, healthy subjects,
20 to 50 years of age, were compared for LPL activity in
adipose tissue and skeletal muscle.

The females had higher

total LPL activities than the males.

The ratio of adipose

27

tissue LPL activity/skeletal ' muscle LPL activity expressed
per gram of tissue weight was 2.8 in males and 8.0 in females.
Th°irty-five percent of the LPL . activity in male·s , as opposed
to 15% in females, was in

skelet~l

muscle.

Also, in males
.

a positive correlation existed between the LPL activity of
adipose tissue and that of the skeletal muscle (r
p

< 0.001).

=

0.61,

Although HDL concentration was positively

correlated with adipose tissue LPL activity in males and
fe~ales

(r ~ 0.66, p

<

Q.001), it was · not correlated with

muscle LPL activity.
A borderline inverse correlation exists between plasma
triglyceride and VLDL concentration with LPL activity in
adipose tissue (males:
p

< 0.05).

r = -0.41, females:

r

=

-Oa42,

In females, the capacity for removal of excess

plasma triglycerides is located mainly in the adipose
tissue, while ·in males, it is located in the muscle.

It

has been documented that females have a higher LPL activity
per gram of adipose tissue, as well as a larger average
bbdy fat mass than men (32).

Also, adipose tissue LPL

activity was demonstrated to be higher than skeletal muscle
LPL activity (2 7) .

T.his may exp lain the elevated HDL levels

in females, the noted higher total LPL activity in . females,
and the positive correlation between HDL concentration and
adipose tissue LPL in females (71).
Skeletal muscle and adipose tissue LPL, as well

~s

adipose tissue LPL and HDL concentr~tion, were shown to be
Positively correlated in males.
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The LPL in muscle may be

important for males in terms of triglyceride assimilation.
The possibility of body

~omposition

and subsequent LPL

activity being predictors of HDL levels · warrants further
investigation.
Body composition as a possible determinant of HDL
levels may be further explained by examining the activity
of LPL in skeletal muscle and

adi~ose

the kinetics of lipolysis in vitro.

tissue, as well as
In one study, 11 of

22 healthy men had high levels of HDL (1.77 mmol/l), while
the other 11 had low levels (1.09 mmol/l).

Triglyceride

concentrations were inversely correlated with LPL ac.t ivity
and with the removal rate of exogenous fat load.

However,

although HDL-cholesterol was negatively correlated with
triglyceride concentration (r

=

-0.65, p

< 0.05), it was

positively correlated with the removal rate of exogenous fat

< 0.01).

load (r = 0.59, p

These findings are compatible

with the formation of HDL through catabolism of triglyceriderich lipoprotei_ns. by LPL '(72).
Serum

lipids~

as well as LPL, were ?etermined in 16

healthy sedentary male and .f emale subje ct s, 32 to 65 years
of age.

A strong correlation was observed between LPL and

HDL (r = 0.78, p

< 0.001)

'

and~ negative ~orrelation between

triglyceride concentration and HDL.

These researchers con-

cluded tha~ the majority of HDL found in vivo originates
from the LPL action (73).
Elevated levels of HDL, as well as low levels of adipose tissue and a high proportion of skeletal muscle have
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been noted in endurance athletes (64).

Interest in the

effects of exercise on HDL initiated investigation of the
relationship between LPL

l~vels,

body composition., HDL, and

exercise.
In most individuals, adipose tlssue is the main assimilation site for serum triglycerides.

However,

trained subjects, it may be the · muscle (73).

~n

well

This was il-

lustrated in 26 male and female runners who ran 100 to 130
km/week, sprinters who ran 20 to 35 km/week, and controls.
The male runners had slightly

low~r

triglyceride levels

(0.89 mM vs. 1.00mM) and had slightly higher HDL-cho.lesterol levels (66 vs. 47 mg/dl respectively) than the controls.
The spri.nters had 2. 7 times higher LPL activity than the
controls while the distance runners had twice as much whole
body LPL as the controls (30% in muscle and 70% in adipose
tissue).
Among the runners, there was a significant corr.elation
between kilometers run weekly and adipose tissue LPL activity (r = 0.55, p

<

0.05);· between HDL-cholesterol and adi-

pose tissue LPL activity (r = 0.62, p
nificant · negative

correl~tion

<

0.001); and

between serum

ides and muscle L~L · activity (r = -0.40, p

~ · sig

VLDL-tr~glycer

<

0.05) (32).

Krauss et al~ (74) also observ~d this effect in 12 male runriers and 20 sedentarj men with a mean age of 47 years.

Run-

ners had higher LPL activity , higher levels of HDL-2a and
HDL-Zb, and lower levels of VLDL than the controls.

Adipose

tissue LPL correlated positively with total . HDL (r = .51,
30

p

<

o.Ol).

It was concluded that in these runners the high-

er LPL levels contributed to higher HDL and lower ~LDL
levels.

Similar effects were seen in 20 middle-aged men .

undergoing 15 weeks of physicai aerobic training. · Serum
HDL-cholesterol increased 7%; HDL/total cholesterol 11%,
and adipose tissue LPL, 56%.
cise, body
food

~eight

In spite of increased exer-

did not change.

However, according to

questionnaires, taloric consumption in-

frequ~ncy

creased by 10%.

The authors suggested that the changes

in LPL and HDL may be attributed to unmeasured changes in
diet or redistribution of body composition (75).
The adaption to exercise in endurance training increases the potential of the body to mobilize and oxidize
fatty acids (32).

This adaption process also influences

serum lipids, lipoproteins, and LPL.

The differences in

.

the adaption to exercise in physically active and sedentary
indivi~uals

may be attributed to muscular work or to the

amount of body fat (32).

During exercise, the uptake of.

triglyceride-fatty acids by skeletal muscle is accompanied
by an increase in LPL activity (76).

Additionally, the low

levels of adiposity in the athlete may influence the elevation of LPL.

Further investigation is needed to determine

the optimum body composition for increased LPL activity and
subsequently increased HDL levels.
Relaiively few studies have investigated the relationship between body composition and LPL activity, together
With subsequent HDL levels in non-obese subjects.
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However,

this relationship has been studied in obese individuals.
Persson (711 looked at

L~L

in 337 males and females.

activity in relation to body fat
LPL was found to be negatively

correlated with the body weight index or relative body
weight in obese males (r = -0.401, p

< 0.0bl). ·Increasing

obesity was associated with decreasing LPL activity.
correlation was less evident in females.

This

Again, this

distinction between· males and females may be

attribu~ed

to

the greater percentagi of fat mass in females.
Another study demonstrated a similar effect in a population of physically fit, free living men with a mean age
of 21 who were within 10% of ideal body weight.

A signifi-

cant negative correlation between LPL and body fat was

< 0.05) (77).

evident (r = 0.46, p

Other investigators have looked at LPL activity in
reference to circulating triglycerides (26).

Triglyceride

levels have been found to be more elevated in the obese than
in the non-obese

indiv~dual

(53).

Huttunen et al. (26)

depicted a highly significant correlation between post heparin LPL and the concentration of plasma triglycerides
Cr = -0.053, p

< 0.001) in 47 .normal males.

Additionaily,

a significant positive correlation was found · betw~en LPL
activity and the fractional turnover of triglycerides in
males and

females~

In males, relative body weight corre-

lated significantly with serum triglyceride conc~ntration
Cr= 0.41, p

< 0.01).

It may be concluded that the relative-

ly high levels of triglycerides seen in the obese are
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assoc i ated with low levels of LPL activity.
Evidence of lowered HDL levels and LPL activity and
increased VLDL and triglyceride concentration in the obese,
sedentary individual has warranted further investigation of
the determinants of HDL levels.

Changes in lipids, .lipo-

proteins, and LPL have been observed during weight loss:
In one study, 9 grossly obese subjects ' fasted for a period
of 10 to 13 dars.
LPL activity

During the first 8 days of the study,

decreas~d

from 5.62 µEq FFA/g/45 minutes to

3.23 µEq FFA/g/45 minutes.

During the following 5 days

however, LPL activity returned to 4.82 µEq FFA/g/45 .
minutes.

This may reflect the delayed increase in HDL with

caloric restriction seen in the studies by Thompson et al.
(12) and Contaldo et al. (8).
Similarly, Taskinen et al. (70)

calorical~y

restricted

8 healthy, female subjects with a mean age of 31 years.

· Their relative body weight was 116%.

Initi~lly,

all sub-

jects were fed an isocaloric diet of 45% carbohydrate, 35%
fat, and 20% protein, for 2 days.

Thereafter, . for 7 days

the subjects were put on a 400 kcal/day
similar

ca~oric distribut~on.

die~,

which had a

During the study, ·J.30 kg

of body weight was lost and fat cell size diminished by 6%.
After 7 days, adipose tissue LPL activity decreased to · 22%
and skeletal muscle LPL act i vity decreased.

HDL~ cholesterol

decreased 18% and serum tr i glycerides and VLDL were not
significantly increased dur i ng caloric restriction.
This study contradicted the results of other studies
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( 8 , 12).

A reversal · in HDL levels and LPL activity may have

occurred with an

exten~ed

experimental period and weight

stabilization as in the studies by Thompson et al. (12)
Contaldo et al. (8).

an~

Researche>s have proposed that LPL

activity may increase · in an attemP,t by the body to maintain
adjpose stores (28) .

Other data support these findings

that a loss of weight, increase in LPL activity, increase
in HDL, and decrease in VLDL occur. with a hypocaloric diet
(69, 28).

Changes in body composition, as seen dpring weight
loss

~i~h

a hypocaloric diet or with exercise, may be a

predictor of HDL levels (12).

Studies have demon s trated

LPL activity to be an indicator of HDL

level~,

VLDL and triglyceride concentrations (37, 72).

as well as
The pos-

sibility that changes in body composition, particularly
adipose tissue and skeletal muscle, may influence LPL
activity and ultimately HDL has .not been studied.

Further

investigation is thus needed to determine the changes that
will occur in the body composition of endurance athletes
with a hypocaloric diet.

Increased knowledge of these

possible determinants of HDL levels will help to answer
questions concerning the pathology of coronary heart
disease.
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MATERIALS AND METHODS
DESCRIPTION OF SUBJECTS
Sixteen male endurance athletes aged 20 to 45 years,
participated in this study.

The athletes ~~re recruited

fr.om local track clubs and a YMCA, as well as through newspaper advert.isements.

To be eligible for participation,

the volunteers had to weigh between 115 to 180 lbs. with no
increase o~ de~rease in weight for 2 weeks prior to the
study period.

All volunteers had to run

at ~ least

per week during the year preceding the study.

50 miles

Two weeks

prior to and during the study, the subjects had to agree to
run 10 miles/day, to abstain from racing, and t o abstain
from alcohol and marijuana.

These variables were controlled

so that effects of diet on serwn l i pids could be assessed.
The vol unt eers received a stiperid for participation which
was reduced for those who did not complete the study.
Volunteers were .exclud ed from participating in the
study for the following reasons:

persons under medical care

for illne s s es other than orthopedic problems; those who
consumed 24 oz. of beer or 8 oz. of wine per day · or who used
tobacco.

This was done in order to avoid· the documented

influences of alcohol and tobacco on HDL levels (49).

Those

men with LDL-cholesterol values of less than 82 or greater .
than 172 mg/dl or with triglyceride ' levels of less than 47
or greater than 234 mg/dl were not eligible to participate
in the study since it has been noted that absolute changes

in lipid concentration may be small or exaggerated in hypoor hyper-lipidemic subjects, respettively.

Another reason

for exclusion was hematocrit levels of less than 40% because of the risk of anemia from repeated phlebotomy.

Also,

persons with uric acid values greater than 9 mg/dl were excluded because of the risk of developing symptoms of iout
during the study.
DIETARY INFORMATION
Twenty-four hour recalls, ;ood frequency information,
)

and diet histo ri es were obtained one week prior to the
study.

(Appendices 1 and 2)

These instruments were used

.

to determine the ability of the subjects to comply to the
baseline diet.
BASE LINE PERIOD
The composition of the baseline diet, which was determined during a previous study . (79), consisted of the
following:

carbohydrate, 339.9 gm; protein, 93.2 gm; fat,

85.2 gm; calor i es, 2443 kcal; cholesterol, 389 mg; P:S
ratio, 0. 53 (80).
(Appendix 3).

'This diet consisted of conventional foods

Menus and _r ecipes were developed to provide

variation in the diet (Appendices 4 and 5).
foods provided remained constant.

However, the

In addition, a muffin

which had the same caloric distribution as the diet was
developed to supplement the diet in order to keep the
subjects' weight stable (Appendices 6 and 7).
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Muffin con-

sumption was determined by fir st feeding. 6 muffins (950
calories) to each subject as compensation for the 10 miles
run daily.

Muffins were then adjusted on an individual basis

in order to maintain body weight.

The final caloric distri-

bution during the baseline period was 53% · carbohydrate, 15%
protein, and 32% fat.
All food and ingredients were weighed . on a Metler scale
prior to meal preparation.

The only foods that were consumed

freely were water, black tea or coffee, diet soda, saccharin,
and lemon.

Breakfast and dinner were served in a dining

room in a relaxed and socia l setting.
bar was provided (Appendix 8).

At dinner, a salad

The ·subjects were .allowed

to consume as much salad as desired with calorie-free
vinegrette dressing.

·salad consumption was recorded, cal-

culated, and added to the baseline diet.

Breakfast and

dinner were scheduled at the convenience of the subjects.
Lunches were packed and taken after breakfast by the subjects
to be eaten at their place of employment.

The subjects were

questioned daily for any problems . that they might have had
during that day.

The subjects were s~pervised during meals

by the investigators · and were under the scrutiny of an
attending physician.

THE HYPOCALORIC PERIOD
A 10-day hypocaloric period fdllowed the 7-day baseline
period.

During this period, the subjects continued to run

IO miles daily and to consume the baseline diet.
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Since the

energy needs for running · 10 miles are approximately 950
kcal/day or 95

kcal/mi~e

run (81), calori<: intake .was re-

duced by approximately 95
was achieved by

t?e

kcal/m~le

run.

This reduction

removal of 950 calories via the muffin

supplement; howeve.r, the caloric distribution and P: S ratio
remained constant.

ANTHROPOMETRIC DETERMINATION
The heights of the
prior to the study.

subject~

were measured· one week

They were weighed each morning in their

running shorts before running and prior to eating breakfast.
Pectroal. axial, abdominal, and suprailium skinfolds were .
measured with Lange calipers on days 1,

8~

and 18. · Percent

body fat was calculated by the procedure of Pollock et al.
(82).

The equation· is as follows:
x 1 = Iof skinfolds (mm)
x.z = age (yrs)

% body fat = 0.27784 (x ) - .00053 (x ) 2
1
1
3.28791

~

0.12437 .(x 2 ) -

Fat weight was calculated by multiplying percent body
fa,t by body weight..

The fat weight was then subtracted

from body weight to determine lean body· weight.

BIOCHEMICAL DETERMINATIONS
Phlebotomy occurred when subjects ·were in a fasting38

resting state.

Forty cc of blood were drawn from each sub-

ject and centrifuged by a licensed medical technician.

Only

30 cc were drawn on day 10 since HDL-2 and HDL-3 were not
measured on that day while an additional 20 cc were drawn
on days 8 and 18.

HDL-cholesterol, HDL-2, ·and HDL-3 sub-

fractions, and Apo A-I were analyzed at the Nutrition and
·Metabolism Research Laboratory at the
Providence, Rhode Island.

~iriam

Hospital,

Methodologies for these analyses

are referenced in Appendix 9.

.

Musel~

.

metabolites including CPK, BUN, UUN, and urinary

creatinine were determined to indicate any lean muscle mass.
breakdown.

These tests were performed by the investigator

at the Nutrition Laboratory at the University of Rhode Island,
Kingston, Rhode · Island.

Creatin~

Phosphokinase (CPK) levels

were determined colorimetrically within 24 hours by the ADPPhosphocreatine reaction (83):

To each sample tube, 0.5 ml

of the ·75% phosphocreatine solution (diluted with 15 ml of
MgSo 4 in Trizma buffer solution, ph 7.5) and .01 ml of
serum was added.

Water (0.1 ml) was added and mixed.

The

tubes were then incubated in a 37°C water bath for 15 minutes.
Every 15 seconds,

O.~

ml of ADP-Glutathione solution was

added, the tubes were then vortexed and incubated for 30
·minutes to begin the following reaction:
ADP + Phosphocreatine CPK)ATP + Creatine
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Glutathione is required for the methylation of glyco oyamine to form creatine (84).
Exactly 30 minutes after t·he addi t ion of the ADP-glutathione, 0.2 ml of P-Hydroxymercuribenzoate was added.

This

halted enzymatic activity and prevented the dissociation
into 2 protein components without an adverse effect on
activity.
Two hundred mg of o( Napthol was diluted with 10 ml of
alkali solution (sodium hydroxide and sodium carbonate) .
One ml of a 5 % diacetyl solution and 7 ml of H2o were added
to the tubes and they ~ere incubated at 37~C • for 15 minutes.
At this point, the creatine reacted with the Napthol and
diacetyl solutions to yield a colored complex.
were

~entrifuged

The tubes

for 5 minutes and absorbence was read on a

Bausch and Lomb Spec 20 at 520 nm.
Blood Urea Nitrogen (BUN) was determined on days 8 and
18 by the Berthelot reaction (85).

o:s

To each tube was added

ml of a urease buffer solution and 10 µl of serum.

The

tubes were mixed and incubated in a 37°C water bath for 10
minutes.

In this reaction, urea is hydrolyzed by urease to

ammonia and carbon dioxide as follows:

One ml of phenol nitroprusside reagent (SO g/l sodium
nitroprusside plus stabilizer), 1.0 ml of alkaline hypo40

chlorite (0.2% sodium hypochlorite in alkali), and 5.0 ml
of water were added . . The tubes were vortexed after each
addition and color was allowed to develop for 30 minutes at
room temperature. · In this reaction, the

alka~ine

hypochlorite

arid phenol, in the presence of the catalyst, sodium nitroprusside (Na Fe(CN) 5 No
2H 20), _formed indophenol (blue).
2
The concentration of ammonia is directly proportional to
the absorbence of indophenol;
NH

3

+

OCl

2 ~) - OH

+

0

= <:;:)

Sodium Nitroprusside

+ N

--<:::.:>

0

Indophenol
The absorbence was read at 570 nm.
On days 7 and 17, the subjects were instructed . to void
Urine vol-

into sterile containers over a 24 hour period.
umes were subsequently estimated.

Seven ml of 37% HCL was

added to each sample and the samples were

froze n ~

Urinary

urea nitrogen was determined by the Berthelot method (85).
Ten µl of a 100-fold dilution of urine and 0.5 ml of urease
were placed in duplicate tub es.

All other steps were identi-

cal to the method used to measure BUN levels.

A third tube

containing 10 µl of 100-fold dilution of urine was used to
determine preformed ammonia.

For this test all steps were

identical except that the urease solution was added after
· the addition of phenol nitroprusside and ~lkaline hypochlorite reagents.

The nitrogen values calculated for the
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third tube, when subtracted from that of the original duplicate tubes, yielded the corrected urine urea nitrogen concentration.
Urinary creatine !evels were also determined from 24hour urine samples on days 8 and _l8, by the alkaline picrate
method

(J~ffe

reaction) (86).

In this assay, 8 ml of water

were dispensed into tubes with 2 ml of i":l picric acid-NaOH
solution and 20 µl of urine.

The mixture was vortexed, and

allowed to stand at room temperature for 20 minutes to form
the c0lor complex.

Absorbence was read at 520 nm.
MAXIMUM OXYGEN UPTAKE

Aerobic capacity of the runners was determined during
exercise on a bicycle

ergo~eter

by direct measurement of

maximum oxygen uptake (V0 2max). This test was performed at
the Human Performance Laboratory at the Miriam Hospital.

vo 2

max is considered to be the best measure of the oxygen

transport system, as well as the most commonly used measure
of cardiorespiritory fitness (82).

Additionally, it cor-

relates well with s uccess in endurance

spo~ts

(82).

Heart rates were monitored with an electrocardiograph
and recorded every minute.

The cycle ergometer was cali-

brated prior to_ testing with a 1 kg weight.
kept constant at .SO rpm with a metronome.

Pedal rate was

vo 2 was measured

with a pneurnotachograph · (Hewlett-Packard) and an 53-A oxygen
analyzer .(Applied Elecetrochemistry, Inc.).

The initial

exercise rate was 150 kpm-min- l which was incre·ased 150

· -1 e very minute.
kpm-m1n
to have been reached
tive measurements was

Maximum

w~en

o2

uptake was cons i dered

t he difference between 2 consecu-

< 250 ml-min -1

vo 2

max (1-min

-1

) ~as

estimated from the Astrand-Rhyming nomogram using the mean
steady-state heart rate and the final exercise

r~te

(87).

STATISTICAL ANALYSIS
Group mean and standard deviations were

de~ermined

on

all dietary, biochemical, anthropometric, and physiological
parameters.

Absolute and percent mean differences between

days 7 and 17 for

diet~ry

data and between days 8 and 18 for

all othe1 data were determined.

Me an differences by day

were determined for body weight, percent body fat, and lean
body weight.

The student t test was used to determine the

significance of changes i n body weight, percent body fat,
lean

bo~y

weight, HDL, HDL-2, HDL-3, and Apo A-I.

Analysis of variance, determined with general linear
models, measured the significance of difference in weight
by day and

su~ject.

Pearson product moment formula were

used to determine the correlation between biochemical, dietary, anthropometric, and physiological parameters on days . 7
and 17, or on days 8 and 18.
Regression analysis was performed between muscle metabolite values and other parameters to predict any relation ships between variables.

These . statistical analyses were

performed using SAS pack # 79.6.
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SCOPE OF THE STUDY
This study is part 'of a larger study, "Lipoproteins in
Active Men:

The Role of Exercise and Diet."

The grant

#ROI, HL, 26697-01, was awarded by the National Heart,
Blood, and Lung Institute (NHBLI) ·, to Miriam Hospital and
subcontracted to the University o·f Rhode Island.
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RESULTS AND DISCUSSION
DESCRIPTION OF SUBJECTS
Sixteen male endurance athletes, 20 to 45 years of age,
participated in this 18-day study.
of 69.2

~

They had a mean height
~f

2.4 inches; a mean initial body weight

153.2

16.l pounds and a mean initial percent body fat of 8,9

+

~

3.0% (Table 1).

THE BASELINE PERIOD (DAYS 1 -

l)

DIETARY DATA
The athletes consumed the baseline diet together with
salad, and muffin supplements for a period of 7 days.
mean caloric intake during this period was 3757
caloric and fat distribution was as
53%,

protein 15%, and fat, 32%.

(Table 2).
ed mean

follows~

+

The

409.

The

carbohydrate,

The P:S ratio was 0.53

The calorie level of the baseline diet maintain-

~ody

weight.

The baseline diet was used to establish

baseline lipid levels for determining the effects of dietary
intervention.

ANTHROPOMETRIC DATA
During this period, a very slight weight loss of 0.45
lbs. occurred (Table· 3).

A 2% decrease in lean body weight ·

{l.64 lbs.) also occurred (Table 3).

This may have been due

to a loss of water, protein, and/or glycogen.
45

Research has

· indicated that during intense exercise and normal dietary
conditions, musc~e glycogen stores ·are an important source
of energy (88).

Therefore, training improves the capacity

of the muscles to generate energy aerobically.

In addition

to an increase in muscle glycogen depletion. with training,
there is an increase in muscle glycogen stores (81).
Percent body fat increased by 0.63% (p
3).

<

.002) (Table

Although the weight loss apparently was ·not due to

percent fat loss, this increase in body fat is difficult to
explain.

It may have been due to normal fluctuations in

.body fat, or the fact that the caloric intake of some of the
subjects during the baseline period exceeded their requirements. · For example, although the mean ·change in weight indicated a slight loss of body weight, 7 individuals gained a
mean of 1.20 lbs. · Another possibility is that an increase
in percent fat was the . net result of the decrease in lean
body weight.
BIOCHEMICAL DATA
SERUM LIP IDS
The mean serum HDL, HDL-2, HDL-3 and APO A-I values
of the runners are presented in Table 4.
elevated HDL levels in these

athlete~

The · initially

(66.9 mg/dl) are

comparable to those levels found in physically active men
in previous studies (9, 41).

The marathon runners in one

study (9) had HDL levels of 58.0 mg/dl while in another
study (4~), the mean HDL levels of 23 active men who had
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been tr aining for 5 years was 68.5 mg/dl.
Miles run has been shown to be a significant predictor
of HDL levels (9, 39).

This was reflected in the SO miles/

week· run during the preceding year and the 70 miles/week
run in the 2 weeks prior to the study by the subjects.
During the baseline period, HDL ·1evels remained approximately the same while HDL-2 increased 4.80 mg/dl, and HDL3 decreased 4.40 mg/dl. The fa ct that the HDL -2/ HDL-3 ratio rem.ained constant was
HDL.

· ind~cative

of a lack of change in' total

The decrease of 5.40 mg/dl in APO A-I was unexpected

since APO A-I levels are usually indicative of circulating
HDL (22).

The rate of synthesis and or catabolism of the

apoproteins have been propo s ed as determinants of HDL
levels (22).

However, between day 1 and day 8, the change

in APO A-I did not . appear to affect HDL levels. · Therefore,
the baseline diet which was representative of habitual diet
did not appear to affect the mean total HDL level.
MUSCLE METABOLITES
Muscle metabolites were measured to observe the effects
of exercise on lean muscle mass while the subjects consumed
the calories necessary to maintain body weight.

Since

these subjects consumed wh ~ t was intended to be representative of their habitual diet, the results were reflective of
exercise rather than diet.
Urea, the major nitrogen containing end product of protein catabolism, may be reabsorbed into the tubes by passive
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diffusion and a sudden decrease in fractional excretion of
urea can be observed if urine flow is abr.uptly decreased
Studies have shown that at normal urine flow, rough-

(Sg).

ly 50% of the filtered urea is reabsorbed in mammals) secreted, and recirculated (89).

Therefore, urea levels in

urine and serum are reflective of a number of circumstances
including urine flow.
The urea levels measured on
period.

According to

t~e

~ay

8 reflect the baseline

literature, the normal BUN range

is 7-18 mg/100 ml and the normal UUN range is 12-20 gm/24
hr. (90).

Both mean BUN (28.8 mg/100 ml) and UUN (26:0 gm/

24· hr.) in these athletes exceeded the nGrmal ranges.

How-

ever, the mean 24 hr. urine volume feil within the normal
range (91) (Table 5). · These data, indicate that the elevated BUN and UUN levels were not due to excessive urine flow
but to other factors.
Diet and exercise also affect urea nitrogen levels.
During the baseline period, the diet consumed by the runners
was reflective of habitual dietary intake.

Although the diet

aimed to keep weight constant, the slight loss of weight
during this period may have been due to increased protein
'

catabolism.

Since the amount of urea formed in the full-

grown individual is approximately proportional to nitrogen
intake (92), th~ protein content of the diet may have been
slightly lower than was necessary for energj balance.
Additionally, studies have shown increased BUN levels
With prolonged exercise (93, 94, 95).
4.3

During exercise,

nitrogen containing compounds such as urea play a direct
role in the energy yielding process.

Increased degrada-

tion of nitrogen containing products will occur with the
general enhancement of the metabolic process during exercise.

Some researchers (9 3 , 94, 96) suggest that elevated

BUN levels during exercise may be due to hypohydration.

It

is apparent from the aforementioned studies, that the
elevated BUN levels of the subjects during

t~e

_period are a result of high levels of physical

baseline
activ~ty.

Dohm et al. (97) reported increased UUN excretion as a
result of training, as well as increased protein catabolism
due to increased .energy need.

The elevated UUN levels of

these athletes agree with . the results of Dohm and are probably a result of increased p~ysical activity.
The urinary creatinine, as well as the CPK levels that
were determined on day 8, were reflective of the baseline
period.

Creatinine is derived from muscle breakdown and is

a waste . product of creatine or creatine · phosphate (CP), the
precursor of creatine in muscle.

CP serves as a source of

energy for muscular contracti9n.

Formation of ATP, the

primary energy source for muscular activity. is formed by
the catalytic action of the enzyme CPK and creatine from CP
and ADP (98).

Research has shown that . the amount of

creatinine present in the urine is
mass (99).

a~ i~dex

of lean body

The normal range for creatinine excretion is 1.0

- 2.0 gm/24 hr. (90).

The mean creatinine level for day 8

was 2.97 gm/24 hr. + o.~4.

Thi~
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elevated level was probably

due to the high level of physical activity.

Refsum et al.

(gS) observed a 60% increase in creatinine in trained
athletes after several days of cross country skiing.
CPK levels in athletes may vary due to a number of
factors.

Researchers have noticed that CPK levels are

higher in males than females (91).

Elevated CPK levels

have also been observed during physical exercise (100)".
During physical activity, there is a higher energy demand
for muscle contraction, therefore, an increased ne ed for
ATP and subsequent CPK activity.

The normal range for

serum CPK levels is 0-12 nmol creatine/min., borderline:
12-20 nmol creatine/min., and elevated:
creatine/min. (83).
level was 16.5

+

over 20 nmol

On day 8 of the study, the mean CPK

6!40 nmol creatine/min. at 25°C (Table S).

Therefore, this value was within the borderline range.

The

nigh levels of physical activity of the subjects again
appeared to have influenced the CPK value.
A previous investigator (100) concluded that prolonged
exercise can lead to increased serum CPK activity

~s

a

result of increased release of the enzyme from muscle
tissue.

In another study, a population of _6 trained runners

were examined before and after a 42.2 km race.
rose 2-fold (96).

CPK levels

CPK values often are dependent on the

type of activity (101).

Aerobic sports, such as running do

not effect .CPK as much as anaerobic sports.

Aerobic sports

·rely on the aerobic generation of ATP ~hrough fat and carbohydrate oxidation, while anaerobic sports rely more on the

so

anaerobic mechanism of increasing ATP, such as the action
of CPK on CP (101).

This may be another reason for the

borderline CPK values.

.

It can be concluded that during the

baseline period for these subjects, exercise resulted in
high levels pf muscle metabolites with a subsequent

sli~ht

loss of lean body weight.
THE HYPOCALORIC PERIOD
DIETARY AND ANTHROPOMETRIC DATA
During the hypocaloric period, the subjects lost body
weig~t

by metabolizing their own tissues for energy due to

a

of food energy.

l~ck

T?

_achieve negative energy balance,

the calories necessary' to accomplish a 3 lb. weight loss
over 10 days were determined from the number of calories
expended during 10 miles of daily running and the calories
consumed during . the baseline period.

In: order to achiev·e

the 3.42 lbs. of weight loss during the experimental period,
calories were reduced from 3757 kcal/day to 2821 kcal/day;
a percent difference of 25% (Figure 1).

The final distri-

bution of calories in the hypocaloric diet was 55% carbohydrate, 16% protein, and 32% fat.

It therefore took a

deficit. of 936 + 41.9 calories to lose 3.42 lbs. of weight.
Of these calories, 444 ~ 20 kcal were from carbohydrate,
128 ~ 7.6 kcal were from protein, and 333 + . 6 3 kcal were
from fat (Tabl~ 2).

Despite the very low per~en~age of body

fat of these subjects, body weight was lost at approximately
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the same rate (1.0 lb./3500 kcal) as the normal, sedentary
The mean weight loss ov~r the 18·day period

individual.

was 3.87 lbs. (Figure 2).

According to analysis of variance,

the weight loss was significant by day (p
individual (p

< 0.0001) and . by

< 0.0001).

Energy for muscular activity may come from a number of
sources.
diet.

The obvious source is the

calor~c

content of the

However, when caloric intake is inadequate, other

sources are necessary.

First, energy may be derived from

adipose tissue, in which fatty acids are hydrolyzed from
triglycerides, transported, and utilized.

Another source

is muscle glycogen which may be broken d-0wn to glucose and
used for energy.

Additionally, ADP and CP can form ATP and

creatine in the muscle cell.
energy (98).

ATP is then utilized for

Lastly, muscle protein, proteins i11 adipose

tissue, or intramuscular

lip~ds

may be catabolized for

energy (102).
Mean percent body fat decreased significantly (p

<

0.0001) from 9.54 + 3.3 'to 8.62 :_ ,3.3 (Figure 3).

This

decrease resulted in a 0.92 % loss of body fat (p

< 0.001)

(Table 3).

A positive correla~ion was observed between

mean change in weight from days 8 to 18 and change in
percent

b~dy

fat (r = 0.6211, p

< .01).

The reduction in

calories between day · 8 and 1 7 was not . significantly correl·
ated with change in percent body fat between daj 8 and 18

er=

-0.0920, P

< 0.13).

Although no significant correlation was evident, a loss
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of body fat with . reduced caloric intake and exercise ii predictable.

Several researchers have observed the l os s of

percent body fat with caloric restriction

an~

exercise (2,

11, 14, 15, 65).
Lean body weight decreased from 137.6 + 12.3 lbs. to
135:9 ! 12.l lbs. (Figure 4).
was significant (p

<

This decrease of

~.2

lbs,

0._0001) (Table 3). · ttowever, the loss

of lean body weight was not significantly correlated with a
decrease in mean ' body weight (r

=

0.316, p

decrease 1n calories (r = -0.068, p

<

<

0.23) nor a

0.80).

BIOCHEMICAL DATA
SERUM LIPIDS
The mean HDL, HDL-2, HDL-3, and APO A-I values for
days 8 - 18 are presented in Table 4.

Figure 5 shows a

plot of the mean HDL levels during the 18-day period.

Be-

ginning ?n day 8, the HDL levels increased steadily until
day 18 when it decreased slightly which may represent a
stabilizing effect.

A 4.80 mg/dl increase in HDL-2 levels

was observed from day 8 .to day 12 at which time ·it appeared
to stabilize (Figure 6).

HDL-3 decreased 3.70 mg/dl from

day 8 to 12 while on day 15 it increased slightly (1.8 mg/ ·
dl) and then decreased 1.3 mg/dl on day 18 (~igure 7).

APO

A-I decreased from day 8 to day 10 by 2.0 mg/dl, then increased again steadily to approximately the same level on
day 18 as on day 8 (Figure 8.)
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The hypocaloric diet did affect the mean HDL levels.
Since the nutrient composition in the hypocalbric diet was
the same as that in the baseline diet, it .can .be assumed
that the reduction in calories was responsible for changes
in HDL levels.
HDL increased 4.90 mg/dl (p
(p

<

<

.001); HDL-2, 7.40 mg/dl .

<

.001); while HDL-3 decreased 3.20 mg/dl (p

(Figure 9).

.01)

The increase in HDL levels with weight loss
·,

during this

s~udy

coincides with the results of other studies

cs:

which combined a hypocaloric diet with exercise

56).

However, these studies observed obese individuals in contrast to the lean subjects in the present study.

Neverthe~

less, these data indicated that loss of weight may be responsible for the increase in HDL levels.
Relative body weight was shown to be the best predictor
of HDL levels ih a population that was at high risk for
coronary heart disease (6), as well as in· physically active
men (9).

However, in the present study nq significant re-

lationship was observed between body weight and HDL (r =
-0.333, p
-0.256, p
-0~230,

p

<
<
<

0.21), between body weight and HDL-2 (r =
0.33.8), or between body weight and HDL-3 . ( r=
0.392).

Also, the decrease in calories during

the hypocaloric period was not significantly r~lated to HDL
Cr . = 0.450, p

<

0.87), to HDL-2 (r = -0.089, p

to HDL-3 (r = 0.086, p

<

0.75).

<

0.74), or

Since previous studies (8,

12 , 56) have attributed an increase in HDL to a decrease in
body weight, the lack of a significant correlation between
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these

paramete~s

brevity of the

in the present study may be due to the

s~udy

or to the number of the subjects.

A

signif i cant correlation may have existed if the experimental
' period had been extended and if the weight loss had been
stabilized.
Another possible variable is the difference . in the
'
effect of diet and exercise
on HDL levels in lean vs. the

obese subjects.

HDL lev'e ls have been shown to be inversely

correlated with body weight as well as adiposity (9, S2).
In this study, change in body weight was not significantly
correlated with HDL (r
percent body fat (p

=

-0.33, p

< 0.21) nor was change in

< 0.91).

The effect of the hypocaloric diet on the subfractions
of HDL are presented in Figure 9.

HDL-2 appears to follow

a trend similar to that of HDL, while HDL-3 levels decreased.
A significant correlation was observed between HDL and HDL-2

= 0.86S, p < .0001); HDL and Apo .A-I ( r = 0.612, p <
.01) but not between HDL vs. HDL-3 (r = 0.3S9, p < 0.1).
(r

Fluctuations in HDL were largely due to variations in

HDL~

2 (23).

Although Apo A-I fluctuated throughout the period
(Figure 8), there was no significant change in Apo A-I at
the end of the 10 days of caloric restriction.

The fact

that Apo A-I remained constant is of interest,

BDL-2 is

richer in lipids and Apo A-I than HDL-3 which is comprised
Of SO% Apo E and a small amount of Apo A, The lack of change
in Apo A-I levels may have been due to the decrease in the
SS

Apo A-I portion of HDL-3 ' during HDL maturation which may
have been counterbalanced by , an

incre~se

in HDL-2 since a

significant correlation was observed between
A-I (r

= 0.654,

p

<

.006).

HDL~2

and Apo

This is supported by other

studies (22, 29).
MUSCLE · METABOLITES
On day 18, muscle metabolites were measured to determine if any change in lean body weight was due to a change
in muscle.

CPK increased from 16.5

+

6.4 to 26.7

+

10.7

nmol creatine/min. at 25°C, while BUN decreased from 28.8
7.2 to 21.9 ~ 5.6 mg/100 ml.

+

UUN also decreased from 26.0

gm/24 hr. A decrease in creatinine
-+ 9.1 to 21.8 -+ 10.6
.
from 2.97 ~ 0.84 gm/24 hr. to 2.73 ~ 0.84 gm/24 hr., was
observed (Table 5) . . The change in body weight between day
8 and 18 was not significantly correlated with either a

= -0.439, p < 0.409), BUN, (r =
-0.190, p < 0.481), UUN,. (r = -0.045, p < 0.874), or
creatinine, (R = 0.229, p < 0.41). The decrease in calories
change in serum CPK, (r

during the hypocaloric period also was not significantly
correlated with change in CPK, (r
(r = -0.119, p

<

=

0.195, p

0.66), UUN, . (r = 0.182, p

creatinine, (R = -0.290, p

<

< 0.41), BUN,
0.52), or

< 0.46).

Several studies have investigated the results of exercise and a hypocaloric diet on lean body mass (11, 13, 14).
Some researchers have demonstrated an increase in lean body
mass (13' ·14) ' while others have reported a decrease in lean
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body mass (11, 14), with caloric restriction and exercise.
This study has shown a significant decrease in lean body
weight, and the ·components of that loss appear to be due to
a loss of

musc~e

mass.

CPK levels at the end of the hypo-

caloric period were well above the normal range.

On the

other hand, UUN and BUN decreased significantly while
excretio~

creatinine

decreased . slightly.

Regression analysis was used to

d~termine

any relation-

ship between BUN, UUN and lean body weight, as well as be· ,
tween other parameters in this study.

BUN was not signif-

icantly related to lean body weight (p

<

intake (p

<

body fat (p

0.74), to body weight (p

<

0.31).

<

UUN was also not

0.50), to caloric

0.25), or to percent
s~gnificantly

related

< 0.16), to caloric intake (p < 0.71),
to body weight (p < 0.28), or to percent body fat (p < 0.25).
to lean body weight (p

During caloric restriction and exercise, several researchers have observed effects on these met~bolites (103,
104, 105).

Investigators did not observe enhanced protein

catabolism in a group of untrained males consuming hypocaloric diets (103).

UUN excretion of these subjects de-

creased while creatinine excretion remained unchanged.
These researchers· co_n cluded that during exercise, when
caloric intake was restricted, carbohydrate and fatty acids
Were the major source of energy for muscular work rather than
muscle protein (103).
Another study observed male athletes who had lost
Weight and whos~ body fat was either not measurable or
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extremely low.

Although on some days they were in

nega t~ ve

nitrogen balance, UUN excretion remained stable throughout
the study.

The authors concluded that nitrogen was conserved

during . heavy exercise to permit them to maintain high

e~er

cise activity without increasing the rate of utilization of
their only body store of energy, lean muscle mass (104).

In

this present study, it appeared that the decrease in muscle
metabolites during the hypocaloric period may have been · a
function of the nitrogen sparing effect observed in the
previous study.

In addition to a decrease in total calories,

part of the caloric deficit was due to a decrease in dietary
protein.

In fact, 31.9 gm of prptein or 194

~g

of nitrogen

I

were removed from the baseline diet (Table 2).

In addition

to the suggested protein sparing effect, nitrogen in~ake
decreased, which may explain the decrease in nitrogen containing metabolites.
In one study, urea· nitrogen levels were found to vary
proportionately with dietary nitrogen intake.

The inves-

tigators conclu~ed that these proportional ~hinges were due
to changes in glomerular

f i ltr~tion

rate. · In addition>

they claimed that ~UN varied with urine . flo~ (92).

In the

present study, mean urine volume increased slightlj during
the hypocaloric period.

If total nitrogen output, as in

feces, sweat, and urine, · had been determined, nitrogen
balance could have been calculated an~ then may have re~
fleeted this relationship between nitrogen intake and
nitrogen excretion.
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In this study, the decrease in dietary
was g·reater than the decrease in UUN (1~%).

nitroge~

(21%)

Correlation

was observed between the difference in nitrogen intake from
days 7 to 17 and the difference in UUN from days 8 to 18 ·
(r = 0.230, p

< 0.41).

However since both decreased sub-

stantially, this may indicate a possible prqtein sparing
effect.
The effect of the hypocaloric state on creatinine has
not been well documented.

According to Miller and Blyth

(99), no evidence exists to indicate that excretion varies
with dietary protein intake.

The results of creatinine

excretion in this study agree with this conclusion.

Al-

though the protein content of the diet decreased 23% during
the hypocaloric period, creatinine excretion ditl not change
significantly.

Buskirk et al. (14) showed that a loss of

muscle mass was positively
cretion.

~orrelated

with creatinine ex-

However, in the current study, loss in leari body

weight · was not correlated with . creatinine excretion (r
0.185, p

< 0.50).

·=

Also regression analysis indicated that

no significant relationship was observed between creatinine
and calories, (p

< 0.53), with body weight, (p < ·0.73), and

with percent body fat, (p

< 0.96).

CPK levels increased significantly during the hypocaloric period although the muscle metabolites decreased.
Regression ~nalysis showed significance between change in .
serum CPK levels and change in lean body weight, (p
and with change in percent body fat, (p
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< 0.04).

< 0.04)

No sig-

nificance ·was

app~rent

however, with change in calories,

(p <0.73), and with change in body weight (p< 0.25).
This increase appears to be due to prolonged high muscular
activity levels and perhaps to an increase in muscle protein turnover rate.

Muscle protein turnover rate may. have

been determined by measuring 3-methyl histidine, a free
amino acid found in muscle.

vo 2

max increased during the hypocaloric diet from
1
53.6 to 55.2 ml-kg-min. . This may not represent a tru~
increase and may be due to error since there is a 10 - 15%
margin of error in this estimation.

vo 2

How~ver,

a~

increase in

max occurs as a result of the inc.reased number of mito-

chondria and increased oxidative capacity of the muscle with
increased exercise (87).

Well-trained athletes differ in

their utilization of carbohydrate and fat within overall
energy production.

More fatty acids from adipose stores

are utilized ata gr e ater intensity, thus saving carbohydrate
stores (105).
THE EFFECT OF CHANGES IN BODY WEIGHT AND COMPOSITION ON HDL
The effects of weight loss resulting from a hypocaloric
diet together with exercise and subsequent changes in body
composition on HDL levels may be explained by the in vitro
synthesis of HDL.

LPL, the enzyme responsible for the

lipolysis of VLDL and chylomicrons appeared to be stimulated
by w~ight loss (69, · 70).

This enzyme resides in both adipose

tissue and skeletal muscle with higher activity levels being
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found in adipose

tiss~e

th an in skeletal mus c le ( 27 ).

As seen in previous studies (12, 13), reduced caloric
intake with subsequent weight loss may be partially responsible for increased HDL.

As body weight and fat was lost,

LPL activity was stimula ted , causing increased lipolysis of
VLDL, decreased serum trigl yc erides, and an increase in HDL
concentration.

Whether increased HDL production is a func-

tion of adipose tissue LPL and/or muscle LPL stimulation is
yet to be discovered.
In addition, LPL activity and

su~sequent

HDL synth·esis

has been shown to be higher in male athletes than in controls
(74, 32).

These studies observed that there were positive

significant

correlati~ns

between distance run and adipose

tissue LPL activity, and HDL levels, as well as a

s~gnificant

negative correlation between serum VLDL-~riglycerides and
muscle LPL activity.

These data give additional support to

increased ' HDL with exercise, as well as increased LPL in
individuals with lower relative body weight, lower percent
body fat, and higher lean body tissue than inactive individua 1s ( 4 4 , 6 4) .
In this study, changes in HDL, HDL- 2, IIDL-3, and APO
A-I during the hypocaloric period were not correlated with
changes in percent body fat, (r = 0.031, p
0.213, p

< 0.91; r =

< 0.43; r = 0.230, p < 0.39), (r = 0.273, p < 0.31)

respectively.

The lack of a significant correlation may

have been due to an inadequate time period of caloric restriction.

These data do indicate that the increase in HDL
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and HDL-2 during th~ hyp~caloric period appear to be due to
the decrease in caloric intake, the loss of weight, the decrease in percent body fat, and a slight decrease in lean
body mass.
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SUMMARY AND CONCLUSION
The sixteen male

enduran~e athlet~s

who participated

in this study ran 10 miles daily during the 18-day protocal.
The protocal consisted of a 7·day baseline diet .which was
designed to maintain body weight, followed by a 10-day hypocaloric diet.

Analysis of variance indicated a significant

weight loss during the 10-day hyp-0caloric period by day and
by . subject.

The student t test revealed a _significant in-

crease in percent body fat during the baseline period and a
significant decrease in percent body fat and lean body
weight after caloric restriction and weight . loss.

A signif-

icant correlation was observed between change in body weight
and change in

per~ent · body

fat from day 8 to 18.

Muscle metabolites were measured in serum and 24 hour
urine collections on days 8 and 18. · BUN, UUN_, and urinary
creatinine levels, as well as serum CPK levels were elevated
on day 8.

After 10 days of caloric restriction, CPK continued

to increasewhile BUN and UUN decreased.

There was also a

slight but insignificant decrease in creatinine.

No signif-

icant relationship exists between change in body weight with
CPK, UU~, B~N, nor creatinine.

Additionally, there was no

significance between change in UUN and dietary nitrogen intake and in crea~inine and lean body ·weight between day 8
and 18 of the study.

Linear regression analysis indicated

only a significant difference between change in ·percent
body fat and CPK and with change in lean body weight and CPK.
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The initial HDL levels of this gr0up were elevated above
the normal range due to a high level of activity.
HDL levels remained the same during the baseline

The mean
period~

HDL-2 increased, while HDL-3 and APO A-I "decreased,

Follow-

ing caloric restriction and weight loss, mean HDL and HDL-2
increased significantly, HDL-3 decreased significantly while
APO A-I remained unchanged.

A significant correlation exist-

ed between the change in HDL .and HDL-2, as well as between
HDL-2 and APO A-I.
are predictive

Df

Accordingly, HDL-2 and APO A-I levels
levels of total HDL.

The caloric deficit required for the · reported weight
loss in these subjects was equal to the decrease in

c~lories

needed to lose a similar amount of weight in a sedentary
population with an average percent body fat (males).

It

can be concluded that in this · group of athletes, who had a
low percentage of body fat and high amount of lean muscle
mass, calories were metabolized at a rate similar to that in
a normal, non-active population.
'

As weight was lost due to caloric restriction and exercise, body fat and lean muscle mass were decreased.

Although

there was no significant ' correlation between change in HDL
and change in body weight, percent body fat, and lean muscle
mass, it appeared that as weight was lost due. to caloric
restriction and exercise, llDL increased.

Additionally, the

loss of body fat and lean muscle mass may be influential in
stimulating adipose tissue and/or skeletal muscle LPL
activity and thus initiating an increase in serum HDL.
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further research is needed .to determine if a loss of
ad~pose

tissue and lean muscle mass with caloric restriction

and exercise causes an increase in HDL by stimulating LPL
activity.

Additionally, it is recommended that any future

study should be of longer duration and contain ' a larger
population.

It is further sugg~sted that the basal metabolic

rate plus activity level ·of individual subjects be calculated
to determine caloric needs.

Proximate analysis, fatty acid,

and cholesterol analysis of foodstuffs . would have aided in
more accurately determining dietary intake, since the
·composition of foods

w~ll

changes and packaging.

vary with such factors as seasonal

In addition, it is recommended that

.

'

absolute depletion of muscle glycogen stores be measured
directly from the muscle as opposed to determining it from

vo 2

max.

A daily check on ketone excretion would also have

indicated the adequacy of caloric intake and body fat breakdown.
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TABLE 1

INITIAL PHYSICAL CHARACTERISTICS OF SIXTEEN RUNNERS

PHYSICAL CHARACTERISTIC

MEAN

SD

AGE (yrs)

30.2

+ 6.6

HEIGHT (inches)

69.2

+

WEIGHT (lbs.)

153.2 ·

BODY FAT (%)

8.9

76

2.4

+ 16:1
+ 3.0

TABLE 2
MEAN NUTRIENT INTAKE OF SIXTEEN . RUNNERS DURING THE BASELINE AND HYPOCALORIC PERIODS

NUTRIENTS

BASELINE

MEAN

-....1
....:i

SD

Energy (kcal)
3757.0 409.0
Carbohydrate (gm) 501. 3
52.2
Protein (gm)
142.9
15.3
95.9 ,
Nitrogen (gm)
893.0
Fat (gm)
135.6
17.6
SFA (gm)
51. 5
7.6
27.5
PFA (gm)
4 .1
5·2 2. 8
Cholesterol (mg)
47.0
P:S ratio
0.53
0.0

HYPOCALORIC

DIFFERENCE

MEAN

MEAN

SD

2821.0 451. 0
390.6
57.1
111. 0
17. 2
98.5
699.4
98.6
18.3
35.8 '
7.4
18.9
4. 2
426.2
45.3
0.53
0.0

936.0
110.7
31. 9
193.6
37.0
15.7
8.6
96.6
0.0

PERCENT
DIFFERENCE

SD

PERCENT

42.0
4.9
1. 9
2.6
0.7
0.2
0.1
1. 7
- 0.0

-25.2
-22.4
-22.6
-21. 7
- 27. 8
-31. 0
-31. 9
-18.5

o. o·

TABLE 3

MEAN AND SD VALUES FOR BODY WEIGHT, LEAN BODY WEIGHT, AND PERCENT BODY FAT
OF 16 .RUNNERS (DAYS 1, 8, and 18)

Body Fat
Days

-....J

co

Lean Body Weight
lbs.

%

Body · Weight
lbs.

1

8.91

+

3.0

139.24

+ 12.8

153.02

+ 16.0 7

8

9.54*

+ 3.3

137.60

+

12.3

152.56

+ 14.95

8.62**

+

149.i4**

+

18

*p
**p

< .002
< .0001

3.3

135.92** ·+ 12.1

14.57

TABLE 4

. MEAN· SERUM AND SD VALUES FOR HDL AND APO A-I LEVELS
OF SIXTEEN RUNNERS (DAYS 1, 8, and 18)

Day

HDL

HDL-2

HDL-3

APO A-I

1

66.9

+

14.1

31. l

+ 10.9

'35.9

+ 4.9

158.7

+ 26.1

8

66.6

+ 15.5

35.9

+ 13.2

31. 5

+ 3. 5

153.3

+ 24.6

71.5*

+ 18.3

43.3*

+ 16.0

28.3**+ 3.7

153.4

+ 25.3

18

*p
**p

< .001
< .01

TABLE 5
MEAN AND SD VALUES FOR CPK AND MUSCLE METABOLITES
DURING THE HYPOCALORIC PERIOD (DAYS 8 and 18)

DAYS

SERUM CPK
1 NMOL OF CREATINE/
MIN AT 25°C

N=l6

BUN
mg/100 ml

- UUN
gm/24 hr

. CREATININE
gm/24 hr

N=16

N=15

N=lS

URINE
VOLUME
ml/24 hr ·

N=15

00

0

8

16.5

+

6.4

28.8

+

7.2

26.0

+ 9.1

2.9

+ 0.8

1496.9 + 11.1

18

26.7

+10.7

21. 9

+

5.6

21.8

+10.6

2.7

+ 0.8

1501.3 + 10.8
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· APPENDIX 2
DIET HISTORY FORM

HDL Stµdy
Number

1.

Subject's Name

z.

Name of Spouse, Wife, or Friend____________~

4.

Impression of Interview:

s.

License # _ _ _ _ _ _ _ __

7.

Phone #:

8.

Tell me about -your job.

9.

Interviewer's Signature

----------~

Work

---------

Home

------------~---~

10. Does your wife work?

Hours

Hypocaloric Dietary Interview with
Participant
Introduction:
Interview:

Statement of purpose of dietary interview.

How do you describe your appetite?
Excellent- - - - - Good ·
Fair--------Poor--------How many people are there in your
family at home: ·
Adults _..__
Children

---------

______

91

Salt:
---r>o you add salt to your food · before you
taste it?
yes
no- - - - - - - Do you salt your food after you
taste it?
yes
no- - - - - - - Do you neve~ add salt to
food?
yes
no- - - - - - - Diet: .
~ave

you ever been on a diet?

yes _ _
_
no

---

When?
--How Long?
--Kind

------

How well did you tolerate this diet?
Was it prescribed by a Doctor?

no

yes

How soon before or after you run, do you eat?
How long have you been running?
What changes have there been in your food habits since you
began to run?
Weight
Appetite
Food and eating
,
·no you take v i't_a_m_,,i_n_o_r_m--......i_n_e_r_a_l,,__s_u_p_p_l_e_m_,e_n_t_._s_?______

---------------.,------------------------------------

____

yes
no
Do you take other food supplements?
Kind

Frequency
yes

_._

- - - no

Have you experienced any changes in bowel habits, diarrhea,
etc.? (since running)
Do you use laxaiives or stool softnersi
Frequency of bowel . habits
Do you experience gastric distress (gas)?
Beverages
Coffee

gz·

Cups/day? --.-----Regular________
~
Decaffinated- - - - Sugar_________
Tea
Cups/day? _ _ _ _ __
Regular..,.-_______
Herbal--------Sugar_________
·Frequency

· Do you drink anything else?
Do you drink any alcoholic beverages?
Do you like apple juice?
orange juice?

How much milk do you drink per day or use in coffee, cereal,
etc?

How often do you use cream?
Do you like whole grain bread?
How often do _you use it?
How often do· you ·eat cereal?
Kind
Do you ever eat other whole grain products?
Kind
Do you like chicken?

Frequency eaten

Do you like a cold chicken salad or plate ·for dinner,, or
do you prefer a hot meal at night?
Do you like white rice?

Frequency eaten

Do you like rice pudding?

93

Do you like egg noddles? ______ Frequency eaten_ _ _ __
Did you ever eat noddle pudding?_______________
What kinds of vegetables do you like (fresh, canned, frozen)?
Do you like fresh salad (vegetable)?
What types of fresh vegetables do you like in salad?
What is your usual portion size of salad?
Small
Average
Large
-----Second Helpings - - - - - - Do you like frozen cooked green beans? ___________
Frequency eaten- - - - - - Frequency

Do you like: (Raw)
Celery
Radishes
Red Cabbage
Cucumbers
·spinach
Mushrooms
Lettuce (Kind]
Green Pepper
(Talk 'about

gr~at

salad

dr~ssings)

Do you like milkshakes?
. Kind
How often do you have dessert, and if you do, what do you
consider dessert?

-----------

What kinds of fruit do you usually eat?
frozen)

(fresh, canned,

Do you like bananas?
eaten
- - - peaches
-Frequency
Do you like canned yellow
in heavy --------syrup?
----Frequency eaten
-.,.-----Do you like raisins?
Frequency eaten
Do you like peanuts?
Frequency eaten--------Do you like ~pplesauce?
Ftequency eaten

-----------------

Would you be willing to collect your urine twice for 24
hours?
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APPENDIX 3
COMPOSITION OF BASELINE DIET

Code

Grams

Chicken breast (flesh,
w/o skin) raw
01-08S Milk, skim
01-0SO* Light cream (18%)
01-123 Egg, whole
1378
Egg noodle~, cooked
1496
Peanuts, dry roast
Bread, whole wheat
471
1872
Rice, cooked
1884** Cereals, prepare~
141
Banana
Applesauce
28
01-001 Butter
04-042 Peanut oil
1437
Orange juice
1483
Peaches, heavy syrup
Green beans, cooked
192
Apple juice
27
1134
Honey
Raisins
1846

161.0

OS-011

" l.D
Vl

Cu(jPosition of Baseline Diet
CH
Protein
Fat
(gms}
(gms)
(gms) Calories

SFA
(gms)

MFA
(gms)

34.44

4.96

191.60

1.27

2.49

23.28
3.67
0.30
34.9S
9.40
26.71
40.90
43.8S
11.10
23.00
0.01

16.37
1.99
3.00
6.lS
13.00
S.88
3.38
2.9S

1.91
0.80
1.60
0.16
0.06
0.3S

168.00 .
142.S2
39.SO
187.SO
292.SO
136.08
184.21
19S.OO
42.SO
87.33
114.72
176.80
123.30
1S6.00
2S.OO
76.61
63.84
40.46

O.S6
8.29
0.84
1.SO

29.32
40.20
S.70
19.40
17.28
10.84

0.86
13.32
2.79
2.2S
24.90
1.68
0.17
O.lS
0.10
0.43
12.97
20.00
0.27
0.20
0.10

0.27 .
4.S3
1.S9
0.7S
12.40
1.12
0.17
O.lS
0.10
0.43
4.41
10.22
0.27
IJ.20
0.10

Totals
339.91
Percent Total Calories
54.41
*R.I. Standard, 18% butterfat
**Co:rn Chex; Corn Flakes, Rice Krispies

93.16
14.91

480.0
74.0
2S.O
lSO.O

so.a
S6.0
169.0

so.a
so.a
213.0
16.0
20.0
274.0
200.0
100.0
163.0
21.0
14.0

o.ss
0.43
0.14

0.03
SS.18

30.68

2443.47

s.so
O.S6

8.08
3.38

PuFA
(gms)

CHOL
(mgs)

1.20 112.70
0.03

9.60
a.so 48.84
0.36 137.00
46.SO
7.00

0.48
6.40

3S.04

lS.97

389.68

0.03
29.98

(P:S = O.S3)

34.04

APPENDIX 4
SAMPLE MENU

HDL STUDY
MENU PLAN
BREAKFAST

LUNCH

(gms)

(gms)

SO
74
240
274
SO

Banana (raw)
Light Cream (cereal, coffee)
Skim Milk (cereal)
Orange Juice (frozen)
Cereal

81
S4
6

213
163

Chicken
Bread
Butter
Celery/Green
Peppers
Applesauce
Apple ~uice

SNACK (consumed any
time)
(gms)

so
200
120
14
DINNER
(gms)
80
lSO
100
20
120
169
21
10
2S

Chicken
Egg Noodles
Green Beans (frozen, steamed)
Peanut Oil
Skim Milk
Rice
Honey
Butter
Egg (salad or cooking)
Mixed Salad
Coffee/Tea (iced or

~ot)
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Peanuts
Peaches (heavy
syrup)
Skim Milk
Raisins

APPENDIX 5
SAMPLE RECIPES

PEACHY CHICKEN

1 ~. chicken

80 gm chicken
salt
pepper
24 gm peach 3u1ce
36 gm peaches
14 gm raisins

bro~h

·! t. white vinegar

1 t. onion flakes
1 t. lemon juice
sprinkle tumeric

Sprinkle chicken with salt and pepper. · Brown in a pan
sprayed with p~m. Combine peach juice with other ingredients . Add to chicken. Simmer 10 minutesi Add peaches:
Heat gently (approx. 2 minutes). Serve over the noddles
or rice.

RICE PUDDING WITH BANANAS
169 gm cooked rice
120 gm skim milk
25 gm egg

50 gm chopped banana
21 gm honey
10 gm butter

Spray pyrex bowl with pam. Melt butter in pyrex over double
boiler. Add rice, egg, banana, and honey. Crush 12 .. 5 gm
cornfalkes from breakfast cereal for topping. Bake in 375
F oven for 40 minutes.
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APPENDIX 6
COMPOSITION OF THE MUFFIN

Code

10
00

Grams

Flour, white
115.00
2439
2435
Flour, whole wheat 115.00
0-077* Milk, whole (3.5%) 242.00
60.00
** Egg Beaters
01-125 Egg yolk
4.38
01-124 Egg white
250.00
01-001 Butter
49.00
04-518 Corn oil
26.00
2230
Sugar
48.60
Totais

CHO
(gms)
87.52
81.65 '
11.28
3.00
0.01
3.08
0.03

MUFFIN
Protein
Fat
(gms)
(gms)
12.07
15.30
7.95
7.00
·O. 72
25.35
0.42

1.15
2.30
8.47
1.44
39.74
26.00

48.36
234.93

68.81

Per IlRlff in

19.58

5.73

6.59

Percent Total Calories .

48.78

14.28

36.94

79.1

MFA

PuFA

(gms)

(gms)

0.42
.5. 28

1.15
0.83
2.88

1.05
0.31

33.88

0.43

0.82

0.19

70.17

24.75
3.30

13 .52
7.44

1.47 107.31
15.26

1899.74

34.18

26.64

18.28

211.36

1S8.31

2.85

2.22

1.52

17.61

418.60
382 .95'
151.25
40.00
16.16
122 .so·
351.33
229.84
187 .11

(P:S = 0.53)
*R.L. Standard, 3.5% butterfat.
**Manufacturer's analysis.

GIOL
(mgs)

SFA

(gms)

Calories

APPENDIX 7
MUFFIN RECIPE

MUFFIN

Weigh:
. llSg
llSg
48.6g
1. Og

llg

Enriched white flour
Whole wheat flour
Sugar
Salt
Baking powder

Mix dry ingredients
Weigh:
60g
4.38g
49g
26g
242g
250g

Eggbeaters
Egg yolk
Butter--melted in a bowl over hot water
Corn oil .
Whole milk ·
Egg whites

Weigh and mix dry ingredients.
Combine butter, oil, eggbeaters, yolk, and milk. Add to
dry ingredients (scraping bowl) and mix--about 25 strokes.
Beat egg whites until frothy and fold in--just until mixed.
Pam muffin tins. Bake for 30 minutes at 425°.
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APPENDIX 8
COMPOSITION OF THE SALAD

SALAD COMPOSITION
Calories

CHO

Protein

(gm)'

'(gm) .

(gm)

7.0

1. 0

0.3

0.03

Mushroom (!c)

10.0

1. 5

1. 0

0.1

Spinach/
Lettuce (le)

14.0

2.4

1. 8

0.2

Cucumber (!c)

8.0

1. 8

0.4

0 .. 04

Radish Cle)

10 0

Fat

APPENDIX 9
METHODS OF ANALYSES FOR HDL AND APO A-I

The following analyses were

performe~

at the Nutrition

and Metabolism Research Laboratory at Miriam Hospital,
Providence, Rhode Island:

I.

Analysis of HDL
Determining the HDL-cholesterol in the HDL fraction

of serum or plasma has been widely adopted as a convenient
method for estimating HDL concentrations.

The method deter-

mines HDL-cholesterol, HDL-2, and HDL-3 by a modification
of the Lipid Research Clinic, in which l;O ml samples for
heparin-MnCl percipitation

were used (106).

The Worthing-

ton Cholesterol Reagent set was used to determine HDLcholesterol (107).

HDL-2 and HDL-3 were separated after

VLDL and LDL were percipiiated with the heparin-MnCl reagent (106).

II. Analysis of APO A-I
APO A-I was measured by radioimmunoassay which was a
double-antibody procedure (108).
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